Purpose. To evaluate the discrepancy between the anatomical axis of the distal femur of Japanese patients and the stem position of 5 types of femoral components. Methods. Lateral radiographs of 12 men and 88 women aged 31 to 83 (mean, 59) years with rheumatoid arthritis were evaluated. The discrepancy between the anatomical axis of the distal femur and the stem position of 5 types of femoral components (Nexgen LCCK, Press-Fit Condylar, Scorpio, Total Stabilizer, and Rotating Hinge) was determined by superimposing the template of each model over each lateral radiograph. Results. The anatomical axis varied widely among our patients, as did the stem position of the 5 femoral components. Stems of all 5 femoral components tended to be more posterior than the anatomical axis. The discrepancy was smallest in the Nexgen LCCK, followed by the Press-Fit Condylar components. It was >3 mm in the other 3 models. In 35% of the patients, none of the prosthesis could be placed in an appropriate position. Smaller-size prostheses appear Discrepancy between anatomical axis and stem position of various femoral components in Japanese necessary for the Japanese.
INTRODUCTION
Total knee replacement (TKR) is an effective treatment for advanced osteoarthritis and rheumatoid arthritis. [1] [2] [3] In patients with rheumatoid arthritis, higher-stability TKR is required, owing to collateral ligament laxity and severe bone defects. If knee joint destruction is advanced, a stemmed component is required to achieve stability. In some Japanese patients, positioning both the component and the stem accurately is difficult, even if the appropriate-size prosthesis is chosen based on radiographic findings. The stem position of the femoral component varies in each model and may not match the anatomical axis of the distal femur. We measured the anatomical axis of 100 Japanese with rheumatoid arthritis using lateral radiographs. The discrepancy between the anatomical axis and the stem position of 5 types of femoral components was determined.
MATERIALS AND METHODS
Between May 2002 and December 2004, lateral radiographs of 12 men and 88 women aged 31 to 83 (mean, 59) years with rheumatoid arthritis of Larsen grade III or less (original shape maintained) in 39 left and 61 right knees were evaluated. Informed consent was given by each patient prior to the study. Patients with lateral radiographs revealing >3 mm of nonoverlapped area from the medial and lateral condyles were excluded.
The anatomical axis was defined as the line connecting the midpoints of the femoral shaft 6 and 12 cm proximal to the distal femur (Fig. 1a) . Parallel to the anatomical axis, lines tangential to (1) the anterior cortex and (2) the posterior condyles were drawn. The distances from the anatomical axis to each of the 2 lines were defined as 'A' and 'B', respectively, and the ratio of A/B was calculated.
The femoral component of 5 models available in Japan were investigated. On the templates of the 5 models, the central line of the stem, a line parallel to the central line and starting from the posterior surface of the anterior flange, and a line parallel to the central line and tangential to the posterior flange were drawn (Fig. 1b) . The distances from the central line of the stem to each of the other 2 lines were defined as 'a' and 'b', respectively, and the ratio of a/b was calculated.
The most appropriate model was determined by superimposing each template over each lateral radiograph (Fig. 1c) . The discrepancy between 'a' and 'A' (a-A) was calculated and compared using analysis of variance with Scheffe's post-hoc test. A p value of <0.05 was considered statistically significant.
RESULTS
The ratio of A/B, which indicates the position of the anatomical axis in the sagittal plane, ranged from 0.30 to 0.56 and varied widely among our patients (Fig. 2 ), but no significant difference was noted between men Discrepancy between anatomical axis and stem position of various femoral components in Japanese 13
and women (p=0.5, t-test, Table 1 ). The ratio of a/b, which indicates the position of the stem, ranged from 0.34 to 0.55 and varied for each model ( Fig. 2 and Table 2 ). The sample mean discrepancy between the anatomical axis and the position of an appropriate-size stem was smallest for the Nexgen LCCK component, followed by the Press-Fit Condylar component ( Fig. 2 and Table 2 ). It was >3 mm in the other 3 models. The stem position of the latter models was significantly more posterior than that of the Nexgen LCCK and Press-Fit Condylar components (p<0.001, t-test, Table 2 ). In 35 of the 100 patients, the distance 'A' was <15 mm, but none of the 5 models had a femoral component with distance 'a' of <15 mm.
DISCUSSION
The anatomical axis of the distal femur in the sagittal plane varied widely in our Japanese patients with rheumatoid arthritis. The stem position with respect to the femoral component also varied among the 5 models. In all 5 models, the mean stem position was posterior to the mean femoral anatomical axis. The Nexgen LCCK and Press-Fit Condylar components had more anterior stems than the other 3 models and were closer to the anatomical axis. The discrepancy between the stem position and the anatomical axis often required that the stem be offset. To avoid the need for this and the consequential procedural complications, the stem position should be an important factor to guide selection of an appropriate model. The currently available femoral components may not be appropriate for Japanese patients. In 35 of our 100 patients, the distance between the anterior cortex and the anatomical axis was <15 mm, but none of the 5 models had a component in which the distance between the central line of the stem and the anterior flange was <15 mm. This may result in shifting of the stem. For example, in a patient in whom the distance 'A' is 13.8 mm, if the Total Stabilizer (in which the mean distance 'a' was largest) were to be chosen, the smallest-size femoral component should be used, so that its anteroposterior diameter matches that of the femur. However, when the central line of the stem is aligned to the anatomical axis without offsetting, a gap becomes evident between the anterior cortex and the inferior surface of the anterior flange (Fig.  3a) . When the stem is offset, a proper position cannot be set because the offset stem impinges on the posterior cortex (Fig. 3b) . If the stem is inserted without offsetting and the gap is filled with cement, the increase in the patellofemoral joint pressure may induce joint dysfunction or patellar tendon rupture. Therefore, the system and size of the offset device related to various prostheses should be considered. These 5 models appear not to be appropriately designed for Japanese patients with rheumatoid arthritis. They were designed based primarily on data from European and American subjects. Japanese people tend to have smaller femoral condyles than Europeans and Americans. [4] [5] [6] [7] The knee joints of Japanese and western populations differ in both size and shape. In a study using 3-dimensional computed tomography for simulation of the femoral cut for TKR, 8 the ratio between the mediolateral and anteroposterior dimensions of Japanese patients with osteoarthritis did not always match the prostheses designed for European and American patients. The distance between the anatomical axis and the anterior cortex in Japanese females with osteoarthritis was significantly shorter than that in similar-sized American females with osteoarthritis. 9 The stem position appropriate for American females is located more posteriorly than that for Japanese females. Our findings are also applicable to people of non-average stature. Prosthesis companies should provide a wider range of prosthetic sizes and shapes, and develop new models in which the stem position is appropriate for Japanese patients with rheumatoid arthritis.
Compared with patients with osteoarthritis, patients with rheumatoid arthritis usually have more advanced joint destruction and laxity and poorer bone quality owing to chronic inflammation and/or steroid-induced osteoporosis. Complicated procedures should be avoided in such patients. A prosthetic model with a stem that is appropriately positioned not requiring offsetting is preferable.
